Summary -A method for rapid identi cation of juveniles and cysts of the soybean cyst nematode based on PCR with species speci c primers is described. The PCR assay was tested on 53 populations originating from China, Russia, USA and Brazil. A single cyst or second stage juvenile of Heterodera glycines alone or in a mixture with other soil inhabiting nematodes was detectable.
The soybean cyst nematode Heterodera glycines Ichinohe, 1952 is a major pest on soybeans in China, the USA and the Russian Far East. The species is also reported from Argentina, Brazil, Canada, Colombia, Egypt, Indonesia, Japan and Korea (Noel, 1985; Eroshenko et al., 1990; Baldwin & Mundo-Ocampo, 1991; Liu et al., 1997; Evans & Rowe, 1998) . H. glycines belongs to the schachtii group which includes species only differing in minor morphological and morphometrical characters (Graney & Miller, 1982; Sikora & Maas, 1985) . Identication of these species requires considerable skill and is time consuming and dif cult, even for taxonomists. In practice, cyst forming nematodes are assumed to be H. glycines if found infesting a eld with a soybean history (Riggs & Niblack, 1993) .
DNA-based diagnostics provide an attractive solution to problems associated with identi cation. Molecular probes developed for detection of H. glycines (Besal et al., 1988) are not yet widely available (Riggs & Niblack, 1993) . Moreover, this approach has several limitations for routine diagnostics because it requires both a large amount of DNA and some technical skill. The development of the polymerase chain reaction (PCR) technology has opened new opportunities in nematode diagnostics. Restriction fragment length polymorphism (RFLP) analyses of the internal transcribed spacers (ITS) of the ribo-somal DNA (rDNA) became a popular tool for identication of cyst forming nematode species (Thiéry & Mugniéry, 1996; Bekal et al., 1997; Orui, 1997; Subbotin et al., 1997 Subbotin et al., , 1999 Szalanski et al., 1997) . It has been shown that digestion of the PCR product obtained after ampli cation of the ITS1-5.8S-ITS2 region with different combinations of restriction enzymes allows clear separation of most cyst forming nematode species from each other. H. glycines can be distinguished from other species (H. ciceri, H. medicaginis, H. schachtii and H. trifolii) of the schachtii sensu stricto group by the restriction enzyme AvaI Zheng et al., 2000) .
PCR with speci c primer combinations or multiplex PCR constitutes a major development in DNA diagnostics and allow the detection of one or several species in a mixture by a single PCR test, decreasing diagnostic time and costs. This technology has found wide application in medicine for diagnosis of infective and genetic diseases, and in plant pathology for the diagnosis of fungal (Bridge et al., 1998) and bacterial pathogens (Louws et al., 1999) . In nematology, this diagnostic tool has been developed for identi cation of Globodera pallida and G. rostochiensis (Mulholland et al. 1996; Bulman & Marshall, 1997; Fullaondo et al., 1999) , Pratylenchus penetrans and P. scribneri (Setterquist et al., 1996) , Meloidogyne chitwoodi and M. fallax (Petersen et al., 1997) , M. chitwoodi and M. hapla and P. coffeae and P. loosi (Uehara et al., 1998) .
In this article, based on the results of previous sequence studies (Zheng et al., 2000) , we describe a rapid and reliable method for the diagnosis of the soybean cyst nematode by PCR using a species speci c primer combination.
Materials and methods

NEMATODE POPULATIONS
A total of 53 populations of H. glycines and several other cyst forming nematode species were used in this study (Table 1 ). All populations were identi ed by both morphology and PCR-ITS-RFLPs as described by . For identi cation of H. glycines juveniles in combination with other species, mixtures of different free-living and plant parasitic nematodes were prepared. Soil inhabiting nematodes belonging to the orders Tylenchida, Dorylaimida and Rhabditida were extracted from soil samples collected in Belgian grasslands using the Baermann funnel method; Pratylenchus individuals were obtained from carrot disc cultures maintained at the Crop Protection Department, CLO, Merelbeke, Belgium. To prepare species mixtures, single H. glycines juveniles were ground in Eppendorf tubes containing 18, 36, 54 or 72 specimens of soil inhabiting nematodes or 75, 150, 225 or 300 specimens of Pratylenchus. Tubes containing different nematode numbers without H. glycines were used as controls.
DNA EXTRACTION
One or several cysts, or single juveniles alone or in mixture with other nematode species were transferred into Eppendorf tubes containing 8 ¹l distilled water and 10 ¹l nematode lysis buffer (500 mM KCl, 100 mM TrisHCl pH 8.0, 15 mM MgCl 2 ; 1:0 mM DTT, 4.5% Tween 20) and crushed with an microhomogeniser Vibro Mixer (Zürich, Switzerland) for 2.5 to 3 min. Two microlitres proteinase K (600 ¹g/ml) (Promega Benelux, Leiden, The Netherlands) were added and the tubes were incubated at 65 ± C (1 h) and 95 ± C (10 min) consecutively and nally centrifuged (1 min; 16 000 g). The DNA suspension was stored at ¡20 ± C and used for further study.
DUPLEX PCR
Two microlitres of the DNA suspension were used as a template for PCR. To these were added 18 ¹l of the PCR mixture containing: 2.0 ¹l 10£ Qiagen PCR buffer, 1.6 ¹l 25 mM MgCl 2 ; 0:8 ¹l 10 mM deoxynucleotides, 0.2 ¹l each primers (1.0 ¹g/¹l) (synthesised by Eurogentec, Merelbeke, Belgium), 0.2 ¹l Taq DNA Polymerase (5 U/¹l) (Taq PCR Core Kit, Qiagen, Hilden, Germany) and 12.6 ¹l distilled water.
Four primers were used in the PCR reaction. The rst set contained the universal D3A (5 0 -GACCCGTCTTGA-AACACGGA-3 0 ) and D3B (5 0 -TCGGAAGGAACCAGC-TACTA-3 0 ) primers (Al-Banna et al., 1997; Thomas et al., 1997) , which amplify the D3 expansion region of the large subunit ribosomal gene (28S rDNA gene). The second set included a species speci c primer GlyF1 (5 0 -TTACGGACCGTAACTCAA-3 0 ) and a universal primer rDNA2 (5 0 -TTTCACTCGCCGTTACTAAGG-3 0 ) which, in combination, amplify a fragment of the ITS2 region and a part of the 28S gene ( ± C and 1.5 min 72 ± C; then 10 min 72 ± C. A negative control containing the PCR mixture without any DNA template was also run. Seven microlitres of each ampli ed sample were analysed by electrophoresis in a 0.8% horizontal TBE buffered agarose gel (100 V, 40 min). Products visualised with ethidium bromide were photographed under UV-light. Duplex PCR were repeated at least twice with the same sample to verify the result. The experiments for H. glycines single juvenile identi cation in samples with or without soil inhabiting nematodes were repeated three times.
Results and discussion
For the development of the duplex PCR two sets of primers were selected; the rst one for verifying the success of the PCR and the second one for speci c detection of H. glycines. The rst set included two universal primers for amplifying the D3 expansion region of the 28S gene which indicates the presence of template nematode DNA in the sample and, as a consequence, the quality of performance of the PCR. These primers were shown to be very useful for the ampli cation of a 28S gene fragment of many nematode species (Al-Banna et al., 1997; Thomas et al., 1997) . This amplicon can be used as a control fragment as it does not vary signi cantly in length among nematode taxa: in Caenorhabditis elegans it is 362 bp long (Thomas et al., 1997) and in Pratylenchus spp. (Al-Banna The second set of primers contained both a species speci c primer and a universal primer. For the design of the speci c primer, nucleotide sequences of the ITS region from several populations of H glycines, H. ciceri, H. medicaginis, H. trifolii (including the sugar beet race), H. schachtii, H. cajani, an undescribed Heterodera sp.1 infecting Atriplex litoralis L. and other cyst forming nematode species, were aligned (data not shown). The sequence of the H. glycines population from Arkansas (GenBank AF274390) obtained from our unpublished study and sequences of two ITS haplotypes of the Chinese population published by Zheng et al. (2000) were taken for this alignment. Zheng et al. (2000) showed the presence of two haplotypes of the ITS region in the genome of H. glycines, which could be distinguished by AvaI. In the alignment, the sequence of H. glycines was very similar to that of H. medicaginis and Heterodera sp.1. We found only four nucleotide positions distinguishing H. glycines from these two species. Two point nucleotide mutations, which were common for all ITS haplotypes, occurred in ITS1 and ITS2, respectively. Two nucleotide differences were typical for one ITS haplotype only and occurred in the AvaI restriction site of ITS2 (Fig. 1) . Based on this information several putative speci c PCR primers differentiating these positions were manually designed and various combinations of primers and PCR conditions were primarily tested. The putative diagnostic primers based upon one nucleotide difference in combination with universal primers ampli ed DNA from other cyst-forming species and were excluded from further tests (data not shown). The species speci c primer GlyF1 and the universal primer rDNA2 (Fig. 1) , ampli ed a fragment (181 bp) of the ITS2-28S gene of one haplotype and showed promising results. The position of the speci c primer GlyF1 corresponds to bp 935-952 on the sequence alignment of the Chinese H. glycines and H. avenae populations as presented by Zheng et al. (2000) . This primer combination was chosen for further testing.
Duplex PCR with these two sets of primers were performed on both single and multiple cyst samples from 53 populations of H. glycines and several populations of other cyst forming nematode species. All the H. glycines populations yielded two distinct fragments (181 and 345 bp), whereas all the other species produced only one (345 bp) (Fig. 2) . No distinct additional unspeci c amplication products were observed under 345 bp.
To test the sensitivity of this method, we tried to detect a single H. glycines second stage juvenile (of populations from Baicheng, Jiling, China, and from North Carolina, USA) either alone or in a mixture with different proportions of soil inhabiting nematodes or Pratylenchus spp. The PCR with all samples containing a single second stage juvenile showed two distinct DNA bands; H. glycines free samples yielded only one fragment (Fig. 3) . We observed a decrease in the intensity of the species speci c band in samples in which H. glycines was mixed with other nematodes. This intensity, however, did not signi cantly depend on the number of other nematodes. The sensitivity of this method proved to be much higher than one second stage juvenile as in our analyses we used the equivalent of one tenth of the DNA of a single juvenile.
Species speci c primers need to be designed based on the broad knowledge of sequence divergence of the target DNA region in many populations of the same species and in closely related species. This knowledge allows both the detection of populations with small differences in sequences, and avoids the ampli cation of an identical speci c fragment in other species. This technique is particularly important for regulatory services where the information on the species identity is limited.
Two ITS haplotypes may be present in different proportions in rDNA clusters of the genome of H. glycines populations (Zheng et al., 2000) . Our species speci c primer ampli es only a fragment of one of the haplotypes. Nevertheless, these primers identi ed all the H. glycines populations tested and originating from Asia, USA and Brazil. However, further testing of American populations is needed, as well as tests with other nematode species to verify the robustness of our method in routine identi cations of H. glycines.
